ObjectiveaaGhrelin and leptin, appetite-regulating hormones, play a role in mood regulation. Current data about the relation between leptin/ghrelin and depression are still controversial. This study aimed to investigate serum leptin and ghrelin levels in patients with depression and the effects of treatment on these levels. MethodsaaSerum ghrelin and leptin levels were measured before and after treatment with antidepressant drugs and/or electroconvulsive therapy in 28 patients with depression and once in 21 healthy controls. ResultsaaSerum ghrelin levels of the patients were high in the pre-treatment. After the treatment, ghrelin levels were not different from those of the controls. We found no difference in serum levels of leptin between the patients and controls and no change with treatment. body mass index of the patients increased after the treatment especially in the drug-treated group. ConclusionaaThe present study found increased serum ghrelin levels in depressive patients and normalization with improving of depression but no alteration in leptin levels.
INTRODUCTION
The adipocyte-derived hormone leptin is known to regulate adipose tissue mass and energy balance and resistance to it is held responsible for obesity. 1 There is increasing interest is in the role of this hormone in the regulation of mood. Animal studies showed that chronic stress decreased leptin level, leptin insufficiency was associated with depression-like behavior, and leptin had antidepressant-like efficacy. 2 However, current information about the relation between leptin and human depression is still limited and controversial, despite studies on the subject for more than a decade. Human studies reported low 3, 4 or no difference 5 in leptin levels in depressive patients. In a previous study, we found high leptin levels in depressive women but not in men, and focused attention on sexual dimorphism. 6 High leptin levels in women were also reported subsequently. 7 In contrast, high leptin levels were found to be associated with an increased risk of depression onset in men in another study. 8 Recent studies have focused on leptin resistance and impaired leptin action rather than changes in leptin levels in depression. 9, 10 The influence of antidepressant treatment on leptin levels was also investigated and controversial results were found. Reports about specific antidepressants revealed that leptin levels increased during treatment with some antidepressants such as amitriptyline and mirtazapine but no change was observed with some others such as fluoxetine, imipramine, paroxetine, and venlafaxine. [11] [12] [13] Another study showed a change in leptin levels with improvement in depression. 6 A study investigating the effect of ECT on leptin levels found no change in leptin levels with ECT in patients with mood disorders. 14 Ghrelin, a gut hormone, has an orexigenic effect on appetite and energy balance. It is reported to be negatively associated with body fat and leptin concentration. 15 Receptors for ghrelin in addition to leptin were determined in the areas of the brain responsible for regulation of emotions. In contrast to leptin, ghrelin was reported to be increased by acute and chronic stress in rats. 16, 17 While some studies suggested that administration of ghrelin revealed an increase in anxiety-and depression-like behavior in rats, 18 others suggested that increasing ghrelin levels produced anxiolytic-and antidepressant-like responses in mice. 17 Kluge et al. 19 found that male patients showed a marginally significant decrease in depressive symptoms in being in line with an antidepressant effect of ghrelin as suggested by later study. A few human studies were performed about ghrelin levels in patients with depression and the findings were inconsistent. A study reported low ghrelin levels in depressive patients. 20 However, many others suggested no difference in ghrelin levels between depressive patients and healthy controls. [21] [22] [23] Nevertheless, some studies found high serum ghrelin levels in patients with major depression. 14, 24 A few studies about the effect of treatment of depression on ghrelin levels reported a decrease with mirtazapine, 25 an increase with maprotiline, 26 and a decrease with ECT. 14 Previous studies about leptin and ghrelin levels in depressive patients and the effect of treatment were summarized in Table 1 .
It is still not clear whether leptin and ghrelin levels are affected by depression and treatment of depression. Therefore, the present study was carried out to investigate a part of anorexigenic and orexigenic activity in depression and the effect of treatment on leptin and ghrelin levels in depressive patients. The study was designed to cross-sectionally investigate whether there is any difference between leptin and ghrelin levels of depressive patients and controls, and to longitudinally investigate the effects of improvement with antidepressant drug or ECT on leptin and ghrelin levels in depressive patients.
METHODS

Subjects
Twenty-eight patients (mean age±SD: 48.00±14.66; 17 female, 11 male) who met the criteria for major depressive disorder of Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV; American Psychiatric Association, 1994) were recruited for the study. The DSM-IV diagnosis of depression was determined via clinical interviews by a psychiatrist. The patients had been drug-free for at least 2 weeks. Exclusion criteria for patients were as follows: any other DSM-IV disorder on the basis of clinical interviews by the psychiatrist, having a physical disease (e.g., endocrinological, metabolic) as judged from their clinical and biochemical examinations, having alcohol or drug use disorder except smoking, or receiving any hormonal therapy or oral contraceptives.
Twenty-one physically and mentally healthy controls (mean age±SD: 40.85±12.39; 11 female, 10 male) were recruited from among volunteers and hospital staff. Exclusion criteria for the controls were the same as those for the patients, plus any present or past history of psychiatric disorder. This study was car- 
Procedure
The severity of clinical symptomatology of depression was assessed using the 17-item Hamilton Depression Rating Scale (HDRS) and all patients had HDRS scores of 17 or more before the treatment. The patients were treated with ECT and/or various antidepressant drugs for 4 to 8 weeks. Eight of them were treated with ECT plus antidepressants such as venlafaxine escitalopram, and mirtazapine. These patients received a total of 7 to 10 ECT sessions under general anesthesia, three times a week, after an overnight fast and with the electrodes placed in the bifrontotemporal position. Twenty of them received antidepressants such as venlafaxine, paroxetine, sertraline, escitalopram, and mirtazapine. The patients did not receive any non-drug therapies such as psychotherapy. A decrease of more than 50% in HDRS scores was accepted as response to the treatment. Eight patients did not complete the study.
The body mass index (BMI) was calculated by dividing the weight (kilograms) by the squared height (meters) separately before and after the treatment.
Serum levels of leptin and total ghrelin were measured before the initiation of the treatment in all patients, and after the clinical response to the treatment in those who remained in the study, and only once in the control subjects. Blood samples for leptin and ghrelin measurement were obtained at 08:00-09:00 in the morning after an overnight fast. Separated serum was stored at -70°C until analyzed. Serum leptin levels were determined by radioimmunoassay kits (DIAsource, Belgium). The sensitivity was 0.1 ng/mL and the intra-and inter-assay coefficients of variation were 4.4% and 5.0%, respectively. Serum ghrelin levels were also determined by radioimmunoassay kits (LINCO Research, USA). The sensitivity was 7.8 pg/ mL and the within and between assay variations were 6.5% and 16.2%, respectively.
Statistical analysis
The distributions of all variables were checked with the Shapiro-Wilk test. The patients and controls were compared with respect to sex and state of smoking using the chi-square test. The significance of differences between age, BMI, and HDRS scores of the patients and controls was assessed with the independent samples t-test, amount and duration of smoking was assessed with the Mann Whitney-U test. To compare ghrelin levels of the patients and controls the univariate-ANCOVA test was performed by taking the presence of disorder as a fixed factor, and age and BMI as covariates. The analyses of subgroups according to type of treatment (drugs and ECT), sex and severity of depression (mild to moderate vs. severe depression ≥28) were performed using the same tests for comparison of ghrelin levels. The paired samples t-test was carried out for comparison of the clinical variables and ghrelin levels of the patients before and after the treatment. Power analyses of tests was performed for results of statistically significant differences (p<0.05). Nonparametric Mann Whitney-U and Wilcoxon tests were used for analyses of leptin levels, because of the abnormal distribution of leptin levels. To control the effect of age and BMI on leptin, adjusted leptin values were calculated with the formula taking BMI and age into account. The Spearman's correlation test was performed to investigate the relationships between leptin and ghrelin levels and clinical and demographical variables in the patients and controls separately.
RESULTS
The patients and controls did not differ significantly with regard to sex, age, BMI, or smoking variables. Serum ghrelin levels were significantly higher in the patients before the treatment than those of the controls (F=4.554, p=0.038). There was no significant difference between leptin levels of the patients and controls (Table 2) .
After the treatment, ghrelin levels decreased insignificantly (p=0.064) and became no different from those of the controls (p=0.415). The treatment did not alter the leptin levels. BMI of the patients increased after the treatment. HDRS scores of the patients were decreased by treatment but remained higher than those of the controls (Table 3) .
When the effect of the treatment on hormone levels was analyzed separately in the patients treated with antidepressant drugs and those treated with ECT, no significant difference was found in terms of leptin or ghrelin levels. BMI did not change in the ECT group (Mean±SD: 26.52±7.82 for pretreatment, 28.29±6.87 for post-treatment; n=8, t=1.904, p= 0.099), while BMI was increased with antidepressant treatment (Mean±SD: 26.08±3.33 for pre-treatment, 27.42±3.68 for post-treatment; n=12, t=2.784, p=0.018).
The hormone level differences between the patients and controls were also separately investigated in women and men. No significant difference was found in terms of leptin or ghrelin levels in both women (Z=0.306, p=0.760; F=1.515, p=0.234 for pre-treatment; Z=1.215, p=0.224; F=0.094, p=0.762; for post-treatment, respectively) and men (Z=0.634, p=0.526; F= 0.273, p=0.609 for pre-treatment; Z=0.000, p=1.000; F=0.414, p=0.530 for post-treatment respectively).
Patients were divided into two groups [mild to moderate (n=13) vs. severe depression (n=15)] based on pre-treatment HDRS scores by using cutoff scores of 28. Pre-treatment levels of leptin and ghrelin did not differ significantly between the patients with mild to moderate and severe depression (Z=0.852, p=0.394; F=0.931, p=0.344 respectively).
There were positive correlations between BMI and leptin levels both before and after the treatment in the patients (r= 0.725, p<0.001; r=0.502, p=0.024, respectively), but not in the controls (r=0.158, p=0.493). Ghrelin levels and BMI were not correlated in the patients (r=-0.142, p=0.470 for pre-treatment, r=-0.310, p=0.184 for post-treatment) or controls (r= -0.006, p=0.978). Leptin levels were correlated positively with age (r=0.575, p=0.006) in the controls, but not in the patients. There was no correlation between leptin or ghrelin levels and illness severity (HDRS scores) in pre-treatment (r=-0.080, p= 0.686; r=-0.116, p=0.557, respectively) and post-treatment (r= -0.237, p=0.314; r=-0.382, p=0.096, respectively).
DISCUSSION
The main finding of the present study is that serum ghrelin levels in depressive patients were higher than those in the controls and were normalized by treatment. Similar results concerning high ghrelin levels in depression have been reported in previous studies. 14, 24 Some other studies have found decreased or unchanged ghrelin levels in depressive patients, inconsistent with our results. [20] [21] [22] [23] Although the finding of increased serum ghrelin level is inconsistent with some previous studies, it is in agreement with data on the relation between ghrelin and stress and depression. Ghrelin levels have been shown to be increased by chronic stress and the activation of ghrelin signaling has been explained as an adaptation response to chronic stress. 17 Increased ghrelin level may be a response to chronic stress produced by depression and may play a role as an endogenous antidepressant. Likewise, endogenous antidepressant effect of ghrelin has been suggested previous studies. 17, 19 High ghrelin levels may be associated with some depressive symptoms such as loss of weight, appetite, and energy. This relation has been supported by reports that ghrelin release was increased by restriction of food intake and energy insufficiency. 17, 27 Increase in ghrelin may be a response to depressive symptoms such as loss of appetite. Another possible explanation of the result may be that increased ghrelin levels are related to dysfunction of the HPA axis in depression. Ghrelin induces HPA axis activity by increasing cortisol, ACTH, and CRF. 19, 28, 29 Hyperactivity of the HPA axis is one of the pathophysiological mechanisms of depression especially in melancholic depression. 30 Stress induces ghrelin signaling probably by stimulating HPA axis activity. Likewise, it has been shown that stress increased ACTH and ghrelin levels. 16 In addition, glucocorticoids have been demonstrated to stimulate ghrelin. 31 Our finding together with these data suggests that increased ghrelin may be associated with HPA axis hyperactivity in depression. Nevertheless, we cannot propose this hypothesis with certainty, because we did not evaluate HPA axis activity in the present study.
The other important finding of the present study is that high serum ghrelin levels were normalized by treatment in depressive patients. If we had used a specific antidepressant or ECT alone, we could have examined the effect of specific treatments. Therefore, we may suggest that improvement in depression made ghrelin levels of the patients similar to those of the controls. We found a non-significant decrease in ghrelin levels with treatment. A decrease in ghrelin levels with treatment was also reported in previous studies. 14, 25 Normalization of ghrelin levels with treatment may be associated with normalization of HPA activity. 25 In addition, improvement of depressive symptoms such as loss of appetite and weight may contribute to normalization of ghrelin levels.
Weight gain frequently accompanies antidepressant treatment. Some previous studies have demonstrated decreases in ghrelin levels and increases in leptin levels with some antidepressant treatment and discussed whether these changes were related to weight gain and increasing BMI. [11] [12] [13] 25 Leptin, an anorexigenic hormone, and ghrelin, an orexigenic hormone, have been hypothesized to have opposing effects on the regulation of body weight. It has been suggested that ghrelin is negatively associated with body fat and leptin is positively associated with body fat. 15, 27 Therefore, it has been expected that weight gain with antidepressant treatment might be accompanied by decreasing ghrelin and increasing leptin levels. Nevertheless, the finding of the present study together with some previous data showed that the alteration in hormone levels, especially in leptin, could not be due to weight changes. The treatment increased BMI in the patients, but did not alter leptin levels in the present study. Likewise, a previous study has reported weight gain induced by antidepressant treatment without changed leptin levels. 32 Additionally, we tried to control the confounding effect of BMI by taking as covariate both pre-and post-treatment BMI values in the statistical analysis of ghrelin levels and by calculating adjusted leptin values for pre-and post-treatment BMI values in the analysis of leptin levels. We may conclude that improvement of depression affected ghrelin levels, but not leptin levels with no relation to weight gain. Similarly, we also found that leptin levels did not differ between the patients and controls. It seems that serum ghrelin levels are associated with depression whereas leptin levels are not. Nevertheless, further studies are needed to substantiate these hypotheses. The role of leptin in depression may also be associated with leptin resistance rather than alteration in leptin levels.
The study has several limitations that must be taken into account. Main limitation is the small sample size, especially for subgroups. The analyses of subgroups according to type of treatment, sex and symptom severity revealed no significant hormone level changes. It might have caused a type II statistical error. However, these sub-analyses may give some ideas for future studies. Further studies with a larger number of subjects are needed specifically focusing on sex differences, type of treatment, and severity of depression. Another limitation is that controls and patients were not ideally matched in terms of both age and sex. Unfortunately, we were not able to interpret the effects of specific treatments, because we used multiple drugs and/or ECT. Additional limitations were; not using structural interview for depression diagnosis, and measuring hormone levels only in the morning in spite of diurnal variation of leptin and ghrelin.
In summary, the present study reveals increased serum ghrelin levels in depressed patients and normalization with improvement in depression but no alteration in leptin levels. The role of leptin and ghrelin in the pathophysiology of depression and the effect of treatment on appetite and weight regulation system have still not been clearly established and are worth investigating in further studies.
